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PREFACE

The purpose of this publication is to inform those interested
in research supported by the Department of Energy’s Division
of Chemical Sciences, which is one of six Divisions of the
Office of Basic Energy Sciences in the Office of Energy
Research. This publication includes projects supported by
both the Chemical Sciences budget and that portion of the
Nuclear Sciences budget which is administered by the Divi-
sion of Chemical Sciences. '

These summaries provide to members of the scientific and
technical public and interested persons in the legislative and
executive branches of the Government a means for becoming
acquainted, either generally or in some depth, with the
Chemical Sciences program. Areas of research supported by
the Division are to be seen in the section headings, the listing
of “Selected Topics of General Interest,” and the summaries
themselves. Energy technologies that can be advanced by use
of the basic knowledge generated in this program are pro-
vided in the “Selected Topics” list and also (by reference) in
the summaries.

Chemists, physicists, chemical engineers, and others who are
considering the possibility of proposing research for support
by this Division will find the publication useful for gauging
-the scope of the present program in basic research and the
relationship of their interests to the overall program. Pro-

posals that expand this scope will also be gconsidered or
directed to more appropriate offices. The research summar-
ized here is intended to add significantly to the knowledge
base on which successful energy technologies can grow. For
this purpose, scientific excellence is a major criterion applied
in the selection of research supported by the Division of
Chemical Sciences. Another important consideration is the
emphasizing of chemical, physical, and chemical engineering
subdisciplines which are advancing in ways that produce new
information related to energy, needed energy data, or new
ideas.

The program takes place in several different kinds of per-
forming organizations. About half the projects are at DOE
laboratories and half at universities and industrial labora-
tories. In DOE laboratories, most of the researchers are fully
engaged in this work, while most university and industrial
researchers necessarily divide their time among duties involv-
ing this research, other research, teaching responsibilities, etc.

Questions about the details of an individual project may be
directed to the investigators involved or the persons in charge
at DOE Laboratories (who are identified at appropriate
places in this publication). Other questions about the program
may be directed to the undersigned.

Robert S. Marianelli, Director
Division of Chemical Sciences
Office of Basic Energy Sciences
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Each Branch of the Division of Chemical Sciences is
divided into programs which cover various disciplines.
The following summaries describe these programs. The
staff members responsible for each program are indi-
cated on page ii.

Fundamental Interactions Branch (KC-03-01-)
Photochemical and Radiation Sciences (KC-03-01-01)

The Photochemical and Radiation Sciences program
consists of research into the interactions of radiation
with matter in all forms but particularly with gases
and liquids. The photochemical research is devoted
largely to studies with visible radiation aimed at the
capture and conversion of solar energy. This encom-
passes such fields as artificial photosynthesis, photoin-
duced electron transfer reactions in homogeneous and
heterogeneous media, photoelectrochemistry, and pho-
tocatalysis. The radiation chemistry research is con-
cerned with the chemical effects produced by absorp-
tion of energy from ionizing radiation. A small part of
the program is devoted to research in hot atom chemis-
try, i.e., the study of the effects of nuclear decay and
the consequent release of energy on chemical reactions.
A new and growing program of photochemistry, spec-
troscopy, and related studies is centered at the
National Synchrotron Light Source at Brookhaven
National Laboratory.

Chemical Physics (KC-03-01-02)

The Chemical Physics program supports research in a
diverse set of disciplines with a goal of providing basic
knowledge in areas related to the nation’s energy needs.
A significant portion of the program is in the many-
faceted area of chemical kinetics, including energy
transfer, chemical dynamics involving state-selected
chemistry, unimolecular and bimolecular research
kinetics, as well as the reactions of clusters. Research
efforts in molecular structure, spectroscopy, and
theoretical chemistry are also well represented in this
program.

Special emphasis is placed on basic research related to
combustion; spectroscopy, theory, and the kinetics of
elementary combustion reactions are of special interest.
A major user-oriented facility, the Combustion
Research Facility (CRF) at Sandia Laboratories/
Livermore is supported by this program. This labora-
tory offers use of advanced instrumentation to inter-
ested combustion scientists from universities, industry,
and national laboratories.

Atomic Physics (KC-03-01-03)

The Atomic Physics program supports experimental
and theoretical efforts associated with the study of

atom and ion structures, energy levels and lifetimes of
quantum states, and of transport and exchange
processes characterizing transfer of energy and momen-
tum. These studies strive to obtain the most accurate
and complete fundamental knowledge of the properties
and interactions of photons, electrons, atoms, ions, and
simple molecules. Continued emphasis of this research
is on the understanding of relatively high energy
atomic physics that involves atoms stripped of all or
most all electrons and of atoms and ions in which elec-
trons are promoted to upper energy levels. The study of
processes that lead to the production of coherent radia-
tion and of how its statistical properties are manifest in
atomic physics also constitute part of this program.

Processes and Technigues Branch (KC-03-02- )
Chemical Energy (KC-03-02-01)

This program includes basic chemistry research related
to chemical transformations or conversions which are
fundamental to new or existing concepts of energy pro-
duction and storage. Of particular interest are those
research activities with the objectives of understanding
the chemical aspects of (1) catalysis, both heterogene-
ous and homogeneous, (2) the chemistry of fossil
resources, particularly coal, including characterization
and transformation, and (3) the conversion of biomass
and related cellulosic wastes. The disciplines of
organic, bio-, inorganic, physical, thermo-, and electro-
chemistry are central to this program. The emphasis is
on understanding the chemical principles underlying
the new and developing technologies and on innovative
chemical research with potential for new energy con-
cepts.

Separations and Analysis (KC-03-02-02)

The separations part of the program is directed toward
improving our basic understanding of methods for
separating mixtures of gases, liquids, solids, and their
component molecules, cations, anions, and isotopes.
The program covers a broad spectrum of separations
concepts, including membrane processes, extraction at
both standard and supercritical conditions, adsorption,
chromatography, photodissociation, complexation, etc.
The program is technique oriented rather than species
oriented; i.e., the research involves elucidating funda-
mental chemical phenomena for improved separations
rather than developing specific processes for the
separation of a particular species from particular
matrices. The isotope separation program emphasizes
isotopic properties and isotope effects and is basic in
nature.

The analysis part of the program is aimed at support-
ing research on analytical techniques where a better
understanding of basic chemical phenomena may facili-
tate improvements in sensitivity, reliability, and ease of



operation and/or lower the costs of analytical determi-
nations. Entirely new analytical techniques are also
investigated, although this program does not support
instrument development. New techniques are quickly
reported in the literature so that those interested in
instrument development can build on work supported
herein. The program is not geared to using existing
techniques to unravel the composition of samples nor to
developing techniques to analyze particular chemical
species or sample types. Rather, it is aimed at obtain-
ing a thorough understanding of the basic chemistry of
an analytical technique so that others may use this
understanding to improve its utility.

Chemical Engineering Sciences (KC-03-02-04)

This program addresses the more specific and energy-
related aspects of chemically related engineering topics,
including thermodynamics and physical and chemical
rate processes. Particular attention is given to tur-
bulence research related to combustion, experimental
and theoretical thermochemical and thermophysical
properties, and phase equilibria, especially of mixtures,
including supercritical phenomena. Emphasis is given
to improving and/or developing the scientific base for
engineering generalizations and their unifying theories.

Isotope Preparations (KC-01-02)

The Isotope Preparations program is dedicated to the
production of research quantities of isotopically
enriched research materials by way of the Electromag-
netic Isotope Separations (Calutron) facility, the High
Flux Isotope Reactor (HFIR), and the Transplutonium
Processing Plant (TRU). These facilities are described
in the Special Facilities section of this book. These
research materials are made available to an interna-
tional user community from a sales inventory, by loan
from a Research Materials Collection, and by cost-free
allocation from the DOE Research Materials/Trans-
plutonium Program Committee.
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Heavy Element Chemistry (KC-01-02-03)

The Heavy Element Chemistry program focuses on a
study of the chemical and certain physical properties of
the actinide elements, principally the transuranium ele-
ments, because of the importance of these elements to
DOE’s nuclear programs and to an understanding of
the basic science in general. A variety of investigations
are pursued, including (1) organometallic chemistry,
(2) the chemistry of excited spectroscopic states,
(3) thermochemistry of actinides in complex oxides
and binary halides, (4) the chemistry of actinides in
near-neutral aqueous solutions and the reactions of
aqueous actinides ions with various complexing agents,
(5) the development of preparative methods for
actinide metals and compounds, and (6) the measure-
ment of crystal structures, melting points, magnetic
susceptibilities and the behavior of actinide metals
under pressure. This research is performed principally
at the National Laboratories because of facilities
required for handling radioactivity.

Chemical Sciences Division

Stanford Synchrotron Radiation Laboratory (KC-01-03)

Support for the operation of the Stanford Synchrotron
Radiation Laboratory (SSRL) is provided through this
category. Access to this facility is possible by the sub-
mission of individual proposals directly to SSRL.
Evaluation and award occur through a peer review
process conducted by SSRL’s program committee, a
representative group selected by users of the facility.
The research carried out by the users represents a
broad field of disciplines not confined to those sup-
ported by the other categories listed above. As a con-
sequence, most of the research projects using SSRL are
funded by other DOE offices, other agencies and pri-
vate sources.
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LABORATORY ADMINISTRATION

Listed below, by laboratory and department or division, are
persons who are in charge of the Division of Chemical Sci-
ences projects at DOE laboratories. These individuals are
laboratory, department, or division administrators who can
provide information about specific programs or refer inquiries
to appropriate individuals.

AMES LABORATORY
Iowa State University
Ames, 1A 50011

Chemical Sciences—Fundamental Interactions
David K. Hoffman
Phone: Commercial (515) 294-2113
Chemical Sciences—Processes and Techniques
J. H. Espenson
Phone: Commercial (515) 294-5730

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, IL 60439

Chemical Technology Division

Martin J. Steindler

Phone; Commercial (312) 972-4542 or FTS 972-4542
Chemistry Division

E. P. Steinberg

Phone: Commercial (312) 972-3570 or FTS 972-3570
Physics Division

W. J. Childs

Phone; Commercial (312) 972-4042 or FTS 972-4042

BROOKHAVEN NATIONAL LABORATORY
Upton, Long Island, NY 11973

Applied Science Department
B. Manowitz
- Phone: Commercial (516) 282-3037 or FTS 666-3037

A. N. Goland

Phone: Commercial (516) 282-3819 or FTS 666-3819
Chemistry Department

A. P. Wolf :

Phone: Commercial (516) 282-4301 or FTS 666-4301

R. E. Weston

Phone: Commercial (516) 282-4373 or FTS 666-4373
National Synchrotron Light Source

M. L. Knotek

Phone: Commercial (516) 282-4966 or FTS 666-4966

IDAHO NATIONAL ENGINEERING LABORATORY
Idaho Falls, ID 83401

EG & G Idaho, Inc., P.O. Box 1625
C. W. Frank
Phone: Commercial (208) 526-1292 or FTS 583-1292

LAWRENCE BERKELEY LABORATORY
University of California
Berkeley, CA 94720

Applied Sciences Division

E. J. Cairns

Phone: Commercial (415) 486-5001 or FTS 451-500!
Chemical Biodynamics Division

G. C. Pimentel

Phone: Commercial (415) 486-4355 or FTS 451-4355
Materials and Molecular Research Division

Norman Phillips

Phone: Commercial (415) 486-6062 or FTS 451-6062

LAWRENCE LIVERMORE NATIONAL LABORATORY
University of California

P.O. Box 808

Livermore, CA 94550

T. Sugihara
Phone: Commercial (415) 423-8351 or FTS 453-8351

LOS ALAMOS NATIONAL LABORATORY
University of California

P.O. Box 1663

Los Alamos, NM 87545

T. F. Hirons
Phone: Commercial (505) 667-1600 or FTS 843-1600

MONSANTO RESEARCH CORPORATION-MOUND
P.O. Box 32
Miamisburg, OH 45342

Nuclear Operations Department
R. E. Vallee
Phone: Commercial (513) 865-3318 or FTS 774-3318

NATIONAL INSTITUTE FOR PETROLEUM AND
ENERGY RESEARCH

P.O. Box 2128

Bartlesville, OK 74005

D. Sutterfield
Phone: Commercial (918) 337-4251 or FTS 745-4251

NOTRE DAME RADIATION LABORATORY
University of Notre Dame
Notre Dame, IN 46556

R. H. Schuler
Phone: Commercial (219) 239-7502 or FTS 333-8222

R. W. Fessenden
Phone: Commercial (219) 239-5354 or FTS 333-8221

L. K. Patterson
Phone: Commercial (219) 239-5403 or FTS 333-8220



OAK RIDGE NATIONAL LABORATORY
P.O. Box X
Oak Ridge, TN 37831

Analytical Chemistry Division

W. D. Shults

Phone: Commercial (615) 574-4881 or FTS 624-4881
Chemical Technology Division

R. G. Wymer

Phone: Commercial (615) 574-6275 or FTS 624-6275
Chemistry Division

M. L. Poutsma

Phone: Commercial (615) 574-5028 or FTS 624-5028
Physics Division

S. Datz

Phone: Commercial (615) 574-4984 or FTS 624-4984

PACIFIC NORTHWEST LABORATORY
P.O. Box 999
Richland, WA 99352

Chemical Technology Department
J. L. Straalsund
Phone: Commercial (509) 375-2250

J. H. Nielson
Phone: Commercial (509) 375-6922

N. E. Ballou
Phone: Commercial (509) 376-3061

R. E. Schirmer
Phone: Commercial (509) 376-5247

P. C. Walkup
Phone: Commercial (509) 375-2432
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SANDIA NATIONAL LABORATORIES, ALBUQUERQUE
P.O. Box 5800
Albuquerque, NM 87185

F. L. Vook
Phone: Commercial (505) 844-9304 or FTS 844-9304

SANDIA NATIONAL LABORATORIES, LIVERMORE
Livermore, CA 94550

Combustion Sciences Directorate
D. L. Hartley
Phone: Commercial (415) 422-2747 or FTS 532-2747

P. L. Mattern
Phone: Commercial (415) 422-2520 or FTS 532-2520

SOLAR ENERGY RESEARCH INSTITUTE
1617 Cole Boulevard
Golden, CO 80401

A. J. Nozik
Phone: Commercial (303) 231-1953 or FTS 327-1953

C. S. Smith
Phone: Commercial (303) 231-7180 or FTS 327-7180

STANFORD SYNCHROTRON RADIATION LABORATORY
P. O. Box 4349 Bin 69
Stanford, CA 94305

A. Bienenstock
Phone: Commercial (415) 854-3300 or FTS 461-9300
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SUMMARIES OF FY 1986
RESEARCH IN THE CHEMICAL SCIENCES

NATIONAL LABORATORIES

Photochemical and Radiation Sciences

Ames Laboratory
Towa State University

Ames, Iowa 50011
Fundamental Interactions Program $325,000
1. Phoroinduced Electron-Transfer Reactions in

Protein Matrices
N.M. Kostic

The project objective is measurement of rates and elucidation
of mechanisms of electron-transfer reactions similar to those
involved in plant photosynthesis and in other processes for
conversion of solar into chemical energy. Selective binding of
redox-active transition-metal complexes to metalloproteins
results in novel electron-transfer systems, in which the synthetic
and native metal sites can undergo intramolecular redox reac-
tions over long distances, in protein environments whose struc-
tural and thermodynamic properties are determined by spectro-
scopic and electrochemical measurements. We are working to
discern the following key factors that affect the rates of electron
transfer: intersite distance, nature of the intervening medium,
temperature, and thermodynamic driving force. A particularly
novel aspect of this project is the possibility of comparing
ground-state and excited-state electron-transfer reactions under
similar conditions. [0.5 FTE]

2. Laser Spectroscopy and Electronic Energy
Transfer of Light Conversion Systems
G.J. Small

This project focuses on (1) the relationship between structural
organization and the intermolecular interactions between
pigments that dictate electronic energy and electron transfer
processes in artificial and naturally occurring photosynthetic
aggregates and (2) the nature of electronic energy transfer (e.g.,
coherent vs. incoherent) when it occurs over macroscopic
distances such as in molecular crystals or long chain chromo-
phoric polymers. A variety of laser spectroscopies are used, such
as optical hole burning, fluorescence line narrowing, four-wave
mixing and two-photon spectroscopies. Solid-state hole burning
and four-wave mixing (CARS, CSRS) are used to understand
the intermonomer interaction, electronic and vibrational struc-
ture, and photophysics of artificial chlorophyll dimers and of the

special pairs of photosynthetic reaction centers. The special pair
is the primary electron donor of the reaction center, but the
nature of its lowest energy excitonic state is poorly understood.
In addition to these photosynthetic problems, nonlinear laser
spectroscopies are used in novel ways to engineer unidirectional
electronic energy transfer over macroscopic distances. [2.38
FTE]

3. Picosecond Spectroscopy and Reaction Dynamics
W.S. Struve

Picosecond fluorescence spectroscopy is used to study excited-
state decay processes of dye molecules adsorbed on semiconduc-
tors and insulators. Since an accurate theory has not yet been
developed for excitation transport and trapping in two dimen-
sions (i.e., on surfaces), we have been obtaining detailed fluores-
cence profiles for well-characterized dye and excitation trap
coverages on surfaces to assess the limitations of the present
theory. We have also examined fluorescence decays and picose-
cond-resolved transient absorption of dyes adsorbed on semicon-
ductors, and have found that dye-to-surface mode nonradiative
decay is an extremely efficient process on single-crystal TiO;
and ZnO. Thus, such nonradiative decay is a likely origin of low
photocurrent yields in liquid junction cells. To ascertain the
physical mechanism of this decay, we have analyzed fluores-
cence profiles emitted by rhodamine dyes adsorbed on TiO;,
ZnO, gold, and aluminium. All of these profiles decay rapidly
(i.e., lifetime < 200 picoseconds), and none are well-described
by single-exponential decay laws even in the limit of extremely
low dye coverage. On the semiconductors, the profiles corre-
spond to an analytical decay law arising from trapping of dye
excitation by a two-dimensional array of semiconductor surface
states. The decay mechanism on metals is under investigation.
{2.37 FTE]

Argonne National Laboratory
Argonne, Illinois 60439
Chemistry Division $4,980,000

4.  Preparation of Organisms, Photosynthetic
Pigments, and Biological Materials of Unusual

Isotopic Composition
H.L. Crespi, D. Tiede, J.R. Norris

The project objective is the production of photosynthetic and
other microorganisms substituted with biologically important
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ARGONNE NATIONAL LABORATORY

rare stable isotopes, such as 2H, 13C, I5N, 170 or 180, and HMg.
Large quantities of green algae, cyanobacteria, and photosyn-
thetic bacteria are routinely available in unnatural isotopic
composition involving single or multiple isotope substitutions.
These unusual organisms (and the compounds obtained from
them) have significant applications in novel magnetic resonance
studies, small-angle neutron scattering, and resonance Raman
spectroscopy. Typical applications include the study of chloro-
phyll, photosynthesis, biomimetic photochemistry, and bacterial
photosynthesis reaction centers. Of particular relevance is the
ability to provide material for the growth of protein single cryts-
tals containing unusual isotopes. Genetically engineered
bacteria are also cultured to give good yields of the proteins. [ 1.0
FTE]

5.  Gas-Phase Radiation Chemistry and Photochem-
istry
C.D. Jonah, D.B. Bartels

This project uses pulse radiolysis to measure rate constants for
simple free-radical reactions of importance in atmospheric and
combustion chemistry. With this technique it is possible to
measure the kinetics at high pressures and over the temperature
range of 330 to 1250 K, a range no other single experimental
technique can easily span. The reaction rates of OH and OD
radicals with CO and C2Hy4 have been measured. Reactions of
OH radicals with other species are under investigation; other
radical species are also investigated. The rate of production of
hydrogen atoms from the reaction from OH + CO and the
reaction of hydrogen with O; are also under study. In addition
to the practical importance of these reactions to combustion, the
data serve as an excellent test for reaction theories because of
the rigorous restrictions provided by the wide temperature range
and the use of two hydrogen isotopes. [2.9 FTE]

6.  Chlorophyll and Photosynthesis Research
J.J. Katz, T.J. Michalski, J.R. Norris,
J.E. Hunt, M.K. Bowman

The project objective is to understand chlorophyll function in
light-energy collection, energy transfer, and charge separation
in the conversion of light energy to chemical energy in photosyn-
thesis. This understanding requires study of the basic physical
and chemical properties of the chlorophylls. We are particularly
interested in the coordination interactions of the chlorophylls
because we believe that the self-assembled chlorophyll species
formed by the expression of these forces are responsible for the
characteristic features of in vivo antenna and reaction center
chlorophyll. We are currently studying: (1) the structure of
chlorophyll/water micelles by small-angle neutron scattering;
(2) the applications of heavy-ion desorption mass spectroscopy
(332Cf plasma desorption mass spectroscopy, 252Cf~-PDMS) to
chlorophyll and photosynthesis problems; (3) the chemical
physics of chlorophyll systems, which included magnetic reso-
nance and infrared spectroscopy studies related to chlorophyll
aggregates; and (4) the chemical properties of chlorophyll
cations and the synthesis of model systems intended to mimic
important features of in vivo reaction center and antenna chlo-
rophyll. [3.0 FTE]
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7. Electron Transfer and Energy Conversion and
Storage
J.R. Miller, D. Meisel

This project has two principal objectives: (1) the fundamental
understanding of electron transfer in molecules, especially at
fixed distances and (2) elucidation of the chemical mechanisms
that control various photochemical energy conversion and
storage schemes. Pulse radiolysis is used to measure the effects
of distance, energy, and molecular structure electron transfer
rates. To fix distances of electron transfer, the reacting groups
are imbedded in rigid matrices or are attached to rigid spacer
molecules. Mechanisms of enrgy conversion schemes, particu-
larly in organized assemblies and microheterogeneous systems,
are studied using fast laser techniques and the Argonne
National Laboratory linac facility. Redox processes at the inter-
face between the assembly (polyelectrolyte, micelle, semicon-
ductor colloid, and so forth) and the electrolyte are studied in
detail, to understand the factors that control electron transfer
through the interface and the ensuing chemical processes that
follow charge injection in or out of these microsubphases. [10.3
FTE)

8. Physicochemical Investigation of Photosynthesis
J.R. Norris, M.K. Bowman, D. Tiede, J. Tang,
T.J. Michalski, M. Wasielewski, H.L. Crespi

The major concern of this project is the extraction of chemical
work from sunlight. The structure of natural photoreaction
centers and the primary fast chemistry and physics that occur
during photosynthesis are studied in detail. The structure of the
reaction center from Rhodopseudomonas sphaeroides R-26 is
being determined with x-ray diffraction. Time-domain spectros-
copy is used to meausure distances, orientations, and dynamics
within the molecular components that participate in the transfer
of electrons. These studies are guided by structural information
available from x-ray diffraction. Electron transfer that occurs
on the time scale ranging from a few picoseconds to longer is
probed by optical and magnetic techniques. New magnetic
methods and theory are developed specifically to characterize
ultrafast charge separation in artificial and natural chemical
systems. Charge separation in single crystals of the protein reac-
tion centers of several photosynthetic bacteria is investigated by
magnetic and optical spectroscopy. [6.5 FTE]

9. Reactive Intermediates in Condensed Phases
A.D. Trifunac, C.D. Jonah, M.C. Sauer, Jr.,
M.C. Thurnauer, D.B. Bartels, D.B. McDonald,
K. H. Schmid:

The project objective is to provide a fundamental understanding
of chemical reactivity by studying a broad range of reactive
intermediates in the liquid and solid state. The chemistry
studied is relevant to understanding (1) the breakdown in dielec-
tric liquids and (2) charge separation, recombination, and
charge transfer phenomena, which are the basis of chemical and
biological processes of energy storage and utilization. The iden-
tity, structure, and dynamics of unstable transients important
in radiation chemistry and photochemistry are studied. The
chemistry of ground-state and excited-state paramagnetic
species is examined. The role of the solvent in the chemical reac-
tivity of highly charged reactive species, like electrons, is studied
theoretically and experimentally. The details of radical reac-
tions are examined using electron and nuclear spin dynamics.
Redox reactions of actinides and lanthanides are studied using
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pulse radiolysis. Essential tools used in this project are the
Argonne high-current picosecond electron linac, the pulsed Van
de Graaff accelerator, and innovative time-resolved magnetic
resonance and laser techniques, which are being developed and
applied to these problems. [16.6 FTE]

10. Artificial Photosynthesis
M. Wasielewski, J.R. Norris, T.J. Michalski,
D. Tiede

The goal of this research is to develop and fully characterize
molecular assemblies in the laboratory that will mimic and even
improve on natural photosynthetic energy conversion. This work
combines several interrelated aspects of artificial solar energy
conversion. Molecules designed to serve as models of the natural
photosynthetic energy conversion system are synthesized. These
chemical reaction centers aid in the structural and mechanistic
understanding of the natural process of photosynthesis. The
photophysics and photochemistry of our models are investigated
by placing emphasis on the light-induced electron-transfer reac-
tions. Advanced spectroscopic techniques, such as picosecond
spectroscopy and time-domain magnetic resonance, are essen-
tial in the characterization of these ultrafast processes. The
primary photosynthetic processes are investigated to integrate
the information obtained from the artificial laboratory systems
with new knowledge of natural photosynthesis. [3.9 FTE]

Brookhaven National Laboratory
Upton, Long Island, New York 11973

Department of Applied Science $1,110,000

11.  Porphyrin Chemistry
J. Fajer

This project addresses the role of porphyrin derivatives in
bioenergetic reactions with particular emphasis on the mecha-
nisms by which light is harvested and converted into chemical
energy by chlorophylls in photosynthesis. The extensive body of
data acquired to date for chlorophylls is equally applicable and
relevant to the chemistry of the broad class of porphyrins and,
in particular, to their functions in catalyzing nitrogen assimila-
tion, hydroxylations, and carbon dioxide conversion. The work
also seeks to exploit the chemistry of the recently discovered
compounds of iron, cobalt, and nickel chlorins, isobacterio-
chlorins, and corphines that mediate these reactions. The work
combines theoretical and experimental techniques to predict,
identify, and characterize transients and mechanisms in these
catalytic conversions. Experimental methods presently include
spectroelectrochemistry, magnetic resonance (ESR, ENDOR,
AND NMR), x-ray diffraction, and synchrotron radiation
(EXAFS and edge studies), and are closely supported by several
theoretical methods (SCF-MO-PPP, IEH, and INDO). [7.0
FTE]

12.  Electrochemistry and Photoelectrochemistry
S. Feldberg

The project objective is fundamental understanding of a variety
of electrochemical and photoelectrochemical phenomena. Areas
of interest comprise a mixture of experimental and theoretical
investigations and involve a number of collaborations outside
Brookhaven National Laboratory. The theoretical implications
of extended heterogeneous electron transfer (EHET), where
electrons actually jump several angstroms from the electrode
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into solution, have been investigated and the effects of EHET
at an ultramicroelectrode are now being considered. Simulation
of cyclic voltammetric behavior of a variety of electrochemical
kinetic schemes (with emphasis on cyclic voltammetric behav-
jor) and simulation of the rotating ring disc electrode are exam-
ined as part of a long-time interest in simulation of electrochem-
ical phenomena. Development of a new technique for investi-
gating very fast heterogeneous electron transfer, laser-induced-
temperature-jump coulostatics, comprises theoretical and
experimental investigations. Theoretical and experimental
studies consider the electrochemical and transport properties of
ferrocenium /ferrocene couples in polyethylene oxide and the
feasibility of using this material as the electrolyte in a photoelec-
trochemical solar conversion system. Spectroelectrochemistry
and ellipsometry of polyaniline (an electronically conducting
polymer) were used to elucidate the mechanism of electrochem-
ical switching (between the conducting and insulating states)
and combined with theoretical efforts to describe some unique
electrochemical behavior of this new class of materials. We are
continuing analysis of the effects of picosecond irradiation of
semiconductor systems. [3.3 FTE]

13. Chemical Properties and Reactions of Mono- and
.Dinuclear Ferrocene Derivatives
R.B. Klemm

The project objective is preparation of metallocenes and investi-
gation of their properties, particularly as they relate to the
oxidation and reduction of water. Preparation of ferrocene
derivatives with potentials high enough to oxidize water under
neutral or slightly acid conditions are under way. For the reduc-
tion of water, mechanisms of the generation of hydrogen from
[1.1] ferrocenophanes with strong acids are investigated.
Kinetics of hydrogen formation were studied and specific rates
for three ferrocenophanes were derived. Results indicate that
the orientation of the protons on the iron atoms has a significant
effect on the reaction. It is therefore believed that under-
standing this reaction will enable further modification of the
ferrocenophane so that hydrogen might be obtained from weak
acids and perhaps even water. Current studies focus on the
effect of deuterated acid on the rate of hydrogen evolution and
on the composition of the gas to determine the extent of H-D
exchange in the ferrocenophane. [2.6 FTE]
Chemistry Department $2,550,000
14. Radiation Chemistry
R.A. Holroyd, H.A. Schwarz, B.H.J. Bielski

Transient chemical species, such as radicals and ions in unusual
oxidation states, are important in many chemical reactions. This
project studies the behavior of these transient species, produced
by pulse radiolysis or photolysis. Principal areas of investigation
are: (1) photoionization and properties of electrons in dielectric
fluids; (2) nature of transition metal ion—hydroperoxyl radical
complexes; (3) other reactions of the hydroperoxyl radical; and
(4) formation and reactions of transition metal complexes in
unusual oxidation states. Studies of transition metal complexes
and hydroperoxyl radicals are relevant to reactions for conver-
sion of solar to chemical energy and to the understanding of
homogeneous catalysis. Studies of electrons in fluids are impor-
tant in understanding the basic processes of radiation chemistry
and in developing new detectors for use in high-energy physics
and in EXAFS measurements. [7.0 FTE]



PHOTOCHEMICAL AND RADIATION SCIENCES
BROOKHAVEN NATIONAL LABORATORY

15. Photochemical Energy Conversion and Solution
Kinetics .
N. Sutin, C. Creutz, B.S. Brunschwig, J. Winkler

Transition-metal complexes may undergo facile outer-sphere
electron-transfer reactions and function as homogeneous cata-
lysts for the formation or activation of small molecules such as
H> and CO;. In addition they have long-lived excited states that
can be formed by the absorption of light in the visible region of
the spectrum. Such complexes are therefore attractive candi-
dates for use in photochemical energy conversion and storage
systems. This project encompasses fundamental studies of the
reactions and structures of transition-metal complexes in their
ground and excited states. The efficient conversion of light into
chemical energy requires that useful reactions of electronically
excited molecules be favored over physical deactivation
processes and chemical back-reactions. The project objective is
the study of the rates and mechanisms of electron-transfer reac-
tions of excited- and ground-state complexes and the physical
deactivation processes of excited complexes to elucidate the
effects of the structures of the reactants, the thermodynamic
changes accompanying the reaction, and the dynamic properties
of the medium on the reaction rates. Because the overall effi-
ciency of a photochemical process is also determined by the
nature and rates of the chemical reactions subsequent to the
initial photochemical electron transfer, mechanistic studies of
the thermal reactions of transition-metal complexes, particu-
larly those in high and low oxidation states are conducted, and
the individual steps are modeled. [9.5 FTE]

16. Energy Transfer in Chemical Kinetics
R.E. Weston, J. M. Preses

The distribution of energy among translational, rotational,
vibrational, and electronic degrees of freedom in reacting
species has a profound effect on the rates of chemical reaction
they undergo. For this reason, collisional transfer or radiative
loss of energy is an important part of many reaction mecha-
nisms. In this project, pulsed laser radiation is used to produce
translationally energetic (hot) atoms or highly vibrationally
excited molecules. Rates of collisional energy transfer from
these energetic species are determined using infrared fluores-
cence, laser-induced fluorscence, and diode laser absorption
spectroscopy. In addition, vacuum-ultraviolet radiation from
the Dynamic Spectroscopy Beamline of the National Synchro-
tron Light Source is used to study electronically excited states
of molecules and photoionization of atomic species. Assistance
to outside users of this facility is also supported by this project.
[5.0 FTE]

17.  Research in Hot Atom Chemistry
A.P. Wolf, R.A. Ferrieri

The fundamental and practical importance of understanding
the chemistry occurring between energetic (hot) atoms and
molecules has prompted recent effort in this project to seek new
methods to generate these species. A novel approach that relies
on ion beam sputtering has been developed to produce 7 to 8 eV
O(®P) atoms. Studies on the reactions of these atoms with alkyl-
substituted alkenes are presently yielding information on the
energy dependence of the reaction channels. Isolation and detec-
tion of stereoisomer products also provides insight into interme-
diate stability at high energy. Conventional nuclear methods are
also implemented to obtain kinetic and mechanistic information
in the following areas: (1) reactions of thermalized 13N(4S, 2D,
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2P) atoms with simple atmospheric gases; (2) reactions of recoil
11C.atoms with complex organic molecules; (3) stereochemical
consequences of recoil halogen atom substitution reactions; and
(4) energy dependence of phenylcarbene rearrangements.
Application of nucleogenic atoms and their reactions toward
labeling molecules with short-lived positron-emitting radionu-
clides also yield a novel approach to studying the kinetics of
surface-catalyzed reactions. These labeled molecules are used
as transient probes for ultrasensitive surface detection, and
provide a means to study fundamental surface chemistry at
exceedingly low surface coverages. [3.7 FTE]

National Synchrotron Light Source $5,150,000

Department

18. National Synchrotron Light Source Operations
and Development
M.L. Knotek

The project objective is to support operations and development
of the National Synchrotron Light Source (NSLS). Operations
cover: (1) operation and maintenance of the two NSLS electron
storage rings and its associated injector combination of linear
accelerator-booster synchrotron; (2) operation and maintenance
of the photon beam lines of the vacuum ultraviolet and x-ray
storage rings; and (3) the technical support of experimental
users. Development of the NSLS includes further improvement
of the storage rings by means of new developments in high-
resolution photon optics, state-of-the-art monochromators,
x-ray mirror systems, detectors, and so forth. The NSLS storage
rings will provide extremely bright photon sources, several
orders of magnitude more intense in the vacuum ultraviolet and
x-ray regions than conventional sources. An extensive research
and development program is necessary to optimize performance
characteristics and to develop new beam line instrumentation
that will permit users to take advantage of the unique research
capabilities to be offered by this important facility. This
research and development effort also provides information that
will support the construction of the beam lines and devices to
be funded under the Phase II construction project. [49.7 FTE]

Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

Chemical Biodynamics Division $920,000

19. Artificial Photosynthesis
M. Calvin, J.W. Otvos

The project objective is to devise a synthetic system for storing
the energy of visible light. The system involves a photoinduced
electron transfer across a phase boundary, mimicking natural
chloroplasts in the process of photosynthesis. Our approaches
include the use of various kinds of phase boundary in stabilizing
the primary products of photosensitized electron transfer reac-
tions, thus preventing their back reaction. Ultimately, the
energy stored in these products will be channeled by appropriate
catalysts into the decomposition of water into hydrogen and
oxygen, or the reduction of CO; to functionalized organic prod-
ucts. Phase boundaries under study include: (1) lipid bilayer
walls of phospholipid vesicles (used to keep the initial photopro-
ducts separate), (2) surfaces of colloidal silica and various
polyelectrolytes, and (3) surfaces of functionalized colloids. The
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surface potential of polyelectrolytes and polymeric colloids can
be used to retard back-reactions of the primary products of elec-
tron transfer. They -may also have advantages over colloidal
silica by virtue of their adjustable charge density and useful pH
range. Finally, we are studying the catalysts that will be neces-
sary on both sides of the electron transfer assembly. We focus
on porphyrin complexes of manganese, which can exist in
several oxidation states and may therefore be useful in cata-
lyzing the conversion of the primary oxidized photoproduct to
oxygen. [6.0 FTE]

20. Photon Conversion Through Storage of Meta-
stable Molecules
H. Frei

The goal of this project is to find chemical systems that permit
indefinite storage of long-lived electronically excited molecules.
Photoinduced chemical storage of electronically excited species
has potential for efficient, indefinite storage of solar photon
energy, including energy at near-infrared wavelengths. Thermo-
dynamics and quantum efficiency of  singlet
oxygen—endoperoxide systems are studied using tuned lasers to
induce reaction, and FT-infrared absorption and near-infrared
chemiluminescence spectroscopy to monitor the chemistry.
Direct observation through its near-infrared chemiluminescence
of singlet delta O expelled from endoperoxides upon excitation
with ultraviolet laser pulses in nonpolar and aqueous solutions
permits study of the decay of the retrieved electronically excited
oxygen molecules in real time. Intracavity cw dye laser near-
infrared luminescence excitation spectroscopy is being devel-
oped to determine barriers and efficiencies to adiabatic decom-
position of singlet oxygen storing molecules through high vibra-
tional overtone excitation on the ground electronic surface. [1.2
FTE]

21. Chemistry of Electronically Excited Molecules
G.C. Pimentel

This research investigates the chemistry and energy movement
as it occurs on electronically excited hypersurfaces. Since both
natural and artificial photosynthetic processes depend upon the
chemistry of electronically excited molecules, these studies aid
in the design of systems for chemical storage of photon encrgy.
Cryogenic solids furnish particularly favorable environments
for the study of light-initiated and reaction-initiated movement
between and on electronic hypersurfaces. Reactants under study
include O2(}Ag), with furanes, mercury, cadmium, and zinc
atoms; with haloalkanes and haloalkenes; and NH(!A and X33)
with dimethylacetylene. The reaction between imidogen and
‘dimethylacetylene provides various isomeric products and an
interesting system for hypersurface mapping. Focus is on energy
storage using near infrared light, photochromism, and hypersur-
face mapping. Temporal aspects of electronically excited tran-
sient intermediates are examined using nanosecond infrared
spectroscopy. [6.0 FTE]

Materials and Molecular Research $440,000
Division

22. Photochemistry of Materials in the Stratosphere
H.S. Johnston

This research is concerned with fundamental gas-phase photb-
chemistry, with application to molecules and radicals that occur
in the stratosphere. One goal is to measure the distribution of
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excess energy in the fragments produced after a molecule is
broken apart by an energetic pulse of light. Another goal is to
obtain optical and kinetic data in the laboratory that are needed
by modelers of the atmosphere. The experimental methods
include laser flash photolysis, laser resonance absorption, reso-
nance fluorescence, dispersed chemiluminescence from photol-
ysis products, and infrared diode lasers. This research has appli-
cations to molecular dynamics, to problems of atmospheric
ozone, and to the role of trace gases other than carbon dioxide
on the “greenhouse effect”. [5.0 FTE]

23. Photon-Assisted Surface Reactions, Materials
and Mechanisms
G.A. Somorjai

This project explores photocatalyzed chemical reactions that
take place at the solid-liquid interface. Focus is on the photodis-
sociation of (1) water to produce hydrogen and oxygen, and (2)
nitrogen to form ammonia. The purpose of these studies is to
explore the mechanism of photoassisted surface reactions and
to establish the optimum conditions (of surface structure,
composition, temperature, and reactant mixture) to maximize
the rate of production of desired chemicals (hydrogen, oxygen,
and ammonia). Materials used include iron oxides, silicates, and
oxides of tungsten and molybdenum. [2.3 FTE]

Notre Dame Radiation Laboratory
University of Notre Dame
Notre Dame, Indiana 46556

$2,810,000

24. Quantum Mechanical Studies of Radiation-
Produced Intermediates
D.M. Chipman, I.C. Carmichael

Electronic structure calculations based on ab initio quantum
mechanical principles are used to characterize the fundamental
microscopic properties of matter that ultimately govern the
processes experimentally observed in areas such as radiation
chemistry, photochemistry, chemical kinetics, and various types
of spectroscopy. In particular, molecular geometries, potential
energy surfaces, reaction mechanisms, intermolecular forces,
and other fundamental properties are calculated for various
species involved in reacting chemical systems. Emphasis is on
the study of unique characteristics of free-radical intermediates
occurring in many chemical reactions. Recently, a comprehen-
sive study of the m-benzosemiquinone radical anion has shown
that the most stable form is actually a low-symmetry structure
with properties more like a substituted phenoxyl radical than a
normal semiquinone. The behavior of this species is influenced
by a low-energy barrier to intramolecular interconversion
bewteen two equivalent forms. Vibrational frequencies and spin
densities have been calculated for members of the isoelectronic
series of AH3 and AMe;j radicals and radical ions with A = B,
C, N*; Al Si, and P*. These have provided accurate predic-
tions of stretching frequencies for deuterium modes and deuteri-
um-isolated hydrogen modes and have also revealed erroneous
claims of experimental observations for some of these radicals.
{2.6 FTE)
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25. Organic Photochemical Processes
P.K. Das

This project focuses on kinetic and mechanistic details of
organic photoreactions in solution. The time-resolved tech-
niques of laser flash photolysis and puise radiolysis are used to
observe and probe various photointermediates on nanosecond
and longer time scales. The transients of interest include singlet,
triplet, and doublet excited states; exciplexes; ion pairs; radicals;
biradicals; and zwitterions. The roles played by these transients
in such photoreactions as cycloaddition, fragmentation, small-
molecule extrusion, oxygenation, hydrogen abstraction, and
electron transfer are elucidated. Studies in progress include
energy transfer involving triplets and doublets, ring opening
leading to isomerization and enlargement, energy partitioning
in bichromophoric molecules, energy migration and trapping in
polymers, and intra-ion-pair proton transfer. Model substrates
include cyanoaromatics, carbonyl and thiocarbonyl compounds,
three- and five-membered heterocycles, polyenes ending with
heteroatoms, and polymers containing carbonyl groups. A
specific aim is to sort out the stereoelectronic and thermody-
namic factors that affect energy storage, conversion, and dissi-
pation in the excited-state bimolecular interactions. Favorable
competitions between ion separation and reverse electron
transfer in photogenerated ion pairs are being established as
important aspects of a general mechanism for prompt chemical
transformations under photosensitization. [5.3 FTE]

26. Inorganic Photochemical Processes
G.J. Ferraudi

The photochemical properties of various coordination
complexes are elucidated. This project includes characterization
of: (1) the effect of intense magnetic fields on photochemical
reactions, (2) the sequential two-photon photochemistry of
coordination complexes, and (3) the photophysical and photo-
chemical properties of complexes with macrocyclic ligands.
Magnetic field-induced perturbations of orbitally degenerate
excited states are used as probes of the electronic restrictions in
different types of reactions (i.e., photosubstitution, electron
transfer, and energy transfer reactions). Sequential biphotonic
excitations are used to study the excited-state photoreactivity.
Correlations between the results of time-resolved experiments
and quantum yields provide a unique insight into the excited-
state photochemical reactivity, which cannot be explored with
monophotonic experiments. Photophysical and photochemical
studies are conducted with a number of macrocyclic complexes
(phthalocyanines, pyrazines, and more simple macrocycles) and
complexes bound to polymers. These compounds exhibit direct
or sensitized photochemical or sensitized photochemical redox
reactivity for excitation in the visible region of the solar spec-
trum, and are candidates for use in solar energy conservation.
[6.0 FTE]

27. Microwave Studies of Radiation-Produced Radi-
cals
R.W. Fessenden, Madden K.P.

Electron spin resonance (ESR) spectroscopy is used to study
radical structures, reaction mechanisms, reaction kinetics, and
electron spin interactions of radicals produced by in situ radioly-
sis. ESR spectra provide definitive information on geometric
and electronic structure and acid-base properties. Time-
resolved ESR experiments with pulsed radiation provide infor-
mation on rates of radical reactions and the strengths of electron
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spin interactions that lead to bonding. Recent measurements on
cyclohexadienyl radicals and the related system HoCN
containing '3C show that some aspects of the electronic struc-
ture of this type of radical are not yet understood; this problem
will be attacked at the theoretical level. Microwave dielectric
absorption methods are used to determine the degree of charge
separation in photochemical intermediates to explain changes in
reaction mechanism with solvent polarity. A number of excited
complexes (exciplexes) have been studied and found to have
smaller dipole moments than previously believed. Implications
of this finding are being investigated. Microwave absorption is
also being used to measure the yield, properties, and kinetics of
charge carriers photoinjected into semiconductor particles and
films. This method provides information not otherwise available
on systems of importance to solar energy conversion. [9.5 FTE]

28. Photochemical Processes Following Core Elec-
tron Excitation
R.G. Hayes

Selective excitation of molecules by excitation of a core electron,
using photons in the 100 to 500 eV energy range from the
National Synchrotron Light Source, is used to prepare highly
excited states with a localized excitation. The photochemical
processes of these states, in particular the production of ionic
fragments, are observed. In small molecules (carbon sulfide) the
photochemistry is sensitive to the site of excitation, but in larger
molecules (benzene and cyclohexane) the photochemistry is
much less sensitive to the mode of excitation. These observations
are extended by (1) studying molecules exhibiting several
possible distinct sites for excitation (formamide) and (2) exam-
ining minor pathways in the photochemistry of larger molecules,
such as ejection of HT from benzene and cyclohexane upon
carbon ls excitation. We are reexamining the production of
atomic ions from molecules such as benzene just at the carbon
1s absorption threshold, since our observations disagree with
those of others. [0.9 FTE]

29. Photochemical and Photoelectrochemical
Processes for Light Energy Conversion
P V. Kamat

Photocatalytic transformations in homogeneous and heteroge-
neous systems are investigated to develop and improve the
performance of photochemical and photoelectrochemical
systems useful in solar energy conversion. Time-resolved
photoelectrochemical experiments are performed using nanose-
cond laser spectroscopy, pulse radiolysis, and spectroelectro-
chemistry to elucidate the mechanistic features and kinetic
details of interfacial processes: photosensitization, phototrans-
formations of adsorbed species, and photocorrosion at singlet
crystal and colloidal semiconductor surfaces. Recently a TiO>
microelectrode system containing both a dye electron scavenger
and SCN- hole scavenger, has been shown to enhance the yield
of photoelectrochemical oxidation and reduction. Visible light-
induced photoelectrochemical polymerization of 1-vinyl pyrene
also has been demonstrated at a n-GaAs semiconductor elec-
trode for the first time. Development of modified electrode
surfaces with photosensitive materials and characterization of
their photophysical, photochemical, and electroanalytical prop-
erties will aid in the elucidation of the photosensitization
process. With the aid of computer simulations, the dynamics of
H> and O; evolution in homogeneous and heterogeneous photo-
chemical systems is being elucidated. This is approached by



7 / SUMMARIES OF FY 1986 RESEARCH

isolating the kinetics of single reaction components and extrapo-
lating to the dynamics of coupled systems. Examples of such
systems involve Ha-catalyst interactions and the redox chem-
istry of viologens. [5.9 FTE]

30. Statistical Theories of Reacting Systems
J.J. Kozak

A theoretical study of diffusion-controlled reactive processes on
compartmentalized systems is conducted to determine and
quantify the factors affecting the efficiency of chemical-
dynamic processes related to energy storage and transfer in such
systems. The approach is based on the theory of finite Markov
processes and effects associated with the size of the reaction
space; its dimensionality and symmetry are considered explicitly
and exactly. The role of potentials, sequestered reaction
domains, local imperfections, cage effects, and the number and
distribution of reaction channels is studied to clarify experi-
ments in which organizates may be used in photochemical
processes to effect the storage of solar energy. In order to apply
the theory of finite Markov processes to study processes in real
time, it has been necessary to relate the approach to the time-
dependent master equation. Calculations carried out for
discrete versus continuous time processes have clarified the
factors at play in experimental studies of excitation, migration,
and trapping on networks of chromophores (e.g., the chlorophyll
antenna system). This theoretical framework has also provided
a means of calculating first-order rate constants for a series of
anion radicals undergoing dehalogenation via intramolecular
electron-transfer reactions. [4.9 FTE]

31. Track Effects in Radiation Chemistry
J.A. LaVerne, A. Mozumder, R.H. Schuler

The radiolytic production of hydroxyl radicals in the heavy-ion
radiolysis of water has been used as a probe of particle track
structure. Differential hydroxyl yields for different particles at
the same linear energy transfer (LET = -dE/dx) decrease by 10
to 20% for each increase in charge of the irradiating particle.
After correcting for 6 rays, the LET dependence of hydroxyl
yield pertinent to the trackcore is common to all of the particles
studied at low energies. At high LETs hydroxyl yield is consid-
erably greater than that found with fast electrons, suggesting a
large concentration of an oxygen species in heavy particle
tracks. This could have important biological consequences. A
statistical method using experimentally determined oscillator
strength distributions has been used to determine that the
density-normalized mean range of low-energy electrons (~100
eV) in water varies as vapor < liquid < solid. All effects of phase
on electron range disappear at energies above a few keV. The
density-normalized mean ranges of low-energy electrons in the
rare gases also increase with increasing mass of the medium.
The probability of free-ion formation in liquid argon is two
orders of magnitude less when irradiated with high-energy neon
and iron ions as compared to fast electrons. [3.3 FTE]

32. Influence of Ordered Molecular Assemblies on
Photochemical Processes
L.K. Patterson

The effects of molecular organization on photochemical and
photophysical processes are investigated in various heteroge-
neous systems: spread monolayers, liquid crystals, and micelles.
Information gathered from these different systems is used to
elucidate the types of changes in reactant-host lipid interactions
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to exercise control over the behavior of excited states and subse-
quent reactions. Focus is on spread monolayers, because they
provide the best means for control of molecular organization
and simultaneous monitoring. Steady-state and time-resolved
luminescence techniques and polarization spectroscopy are
used. Data from application of such techniques are compared
to the thermodynamic record of the monolayer as reflected in
force-area isotherm measurements. It is then possible to corre-
late changes in photophysical behavior to alterations in organi-
zation of the microenvironment (e.g., lipid packing or phase
transition). Energy transfer, electron transfer, and diffusional
processes are studied by these methods in porphyrin- and
pyrene-bearing systems in various lipid matrices. Photochem-
ical studies are conducted to characterize product formation
from photoreactions and to measure quantum yields under
various conditions in liquid- and solid-like monolayers. [5.8
FTE]

33. Radiation Chemistry Data Center
A.B. Ross, W.P. Helman, G. Hug,
L.C. Carmichael

The Radiation Chemistry Data Center (RCDC) provides infor-
mation services on radiation chemistry and photochemistry,
compiles and evaluates data, and publishes data reviews. The
scientific literature reporting kinetic, spectroscopic, quantum
yield, or radiation yield data for irradiated systems is included.
Bibliographic and numeric data bases are assembled and used
for on-line searching, to answer inquiries, and to prepare publi-
cations such as bibliographies and data tables. The Biweekly
List of Papers on Radiation Chemistry and Photochemistry,
the printed version of the RCDC Bibliographic Data Base
(RCDCbib), is distributed to subscribers. Numeric data bases
are built for property data on metastable chemical species and
a chemical registry file (RCDCreg) is maintained for all
compounds, ions, and radicals represented in the data files.
Automated procedures are used with RCDCbib, RCDCreg, and
the numeric data bases to aid the compilation, evaluation, and
publication process. Data for primary processes involving
excited states in condensed phases are compiled and evaluated.
Rate constants for reactions of transient radicals in aqueous
solution are compiled and evaluated in collaboration with scien-
tists from other laboratories. Other projects involving outside
collaborators include compilation and evaluation of (1)
gquenching rates for excited states of metal complexes in solution
and (2) one-electron reduction potentials for radicals in aqueous
solution. [4.0 FTE]

34. Radiation-Induced Chemical Reactions
R.H. Schuler, G.N.R. Tripathi, L.K. Patterson

A wide variety of chemical reactions induced by the absorption
of ionizing radiation is examined using the Notre Dame Radia-
tion Laboratory’s broad base of highly developed chemical and
instrumental methods (absorption spectrophotometric, conduc-
tivity, ESR, laser resonance Raman, and chromatographic
methods) for examining intermediates in time-resolved studies
and for analysis of ultimate products. Emphasis is on the
production and reactions of short-lived radical intermediates in
the radiolytic oxidation and reduction of organic materials in
aqueous solution. Focus is on prototype systems such as the radi-
cals produced from phenols, anilines, and quinones. ESR experi-
ments provide information on the electron distribution in these
radicals and Raman experiments on their vibrational structure.
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The latter also allow monitoring of the reactions of specific
intermediates that do not have distinguishable absorption
spectra. These time-resolved studies are complemented by
studies of the overall radiation chemistry of typical oxygen- and
nitrogen-containing aromatic systems using chromatographic
methods. In particular, products of bimolecular processes that
dominate the radical chemistry at high radiation dose rates are
being examined. [19.3 FTE]

Solar Energy Research Institute
Golden, Colorado 80401

Solar Fuels Research Division $730,000

35.  Photophysics and Photochemistry of Porphyrins
and Model Systems for Artificial Photosynthesis
J.S. Connolly

This project focuses on some fundamental aspects of electron-
transfer processes of excited states in donor—acceptor systems.
Detailed photophysical and photochemical studies on light-
induced electron transfer are conducted in porphyrin-based
molecular assemblies (linked and unlinked) as synthetic models
of photoreaction centers. Our goal is to gain a better under-
standing of the molecular properties required for efficient light-
induced electron transfer and subsequent charge stabilization.
Laser flash photolysis, fluorescence, and spectroscopic studies
are performed on covalently linked porphyrin-quinones and on
their unlinked constituents to sort out the effects of photophy-
sical properties, redox potentials, molecular geometry (distance
and orientation), temperature, and solvent properties on the
kinetics and mechanisms of the forward and reverse processes.
In addition, we are performing comparative studies on linked
and unlinked components incorporated into vesicles and other
microheterogeneous assemblies to determine the requirements
for vectorial electron transfer in artificial photosynthesis. [1.5
FTE]

36. Modified Semiconductor Electrodes Jor Solar
Energy Utilization
A.J. Frank

We are investigating: (1) fundamental problems of the photoin-
stability of n-type semiconductors; (2) high overpotential associ-
ated with the water splitting reaction; (3) low quantum yields
resulting from recombination of electron-hole pairs at the
electrode-electrolyte interface; and (4) energetics and dynamics
of charge transfer through conductive polymer films on elec-
trode surfaces. Interfacial chemistry, energetics, and surface
dynamics are established by photoelectrochemical measure-
ments, end-product analyses, and surface characterization
studies. Information obtained from the physicochemical investi-
gations provides guidance for strategies to chemically modify
the semiconductor surface to improve photostability and
kinetics of desirable redox reactions. The approach of coating
the semiconductor surface with electrically conductive polymers
in combination with catalytic dispersions of several transition
metals is promising for the visible light-induced water—cleavage
reaction. Further development and study of conductive poly-
mers and catalytic surface structure involving novel coordina-
tion metal complexes are in progress. A very high degree of
stability and catalytic activity is produced; this provides encour-
agement for the potential application of catalytic conductive
polymer films to practical photoelectrochemical devices for
solar energy conversion. 1.7 FTE]
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37.  Basic Photoelectrochemistry Research
AJ. Nozik, J.A. Turner

Basic research in photoelectrochemistry is conducted in (1) hot
carrier effects, (2) superlattices and multiple quantum well
photoelectrodes, and (3) colloidal and particulate semiconduc-
tors. Large quantization effects were found for the first time in
photoelectrochemical systems using strained-layer and lattice-
matched superlattice electrodes. The photocurrent spectra
showed discrete peaks or steps that fitted very well to the theo-
retical energy-level structure of the GaAs quantum wells in the
superlattices. For the strained-layer superlattice, photoelectron
transfer from the discrete levels into the electrolyte is a hot
carrier process. A theoretical model for electron transfer from
superlattice photoelectrodes was developed that supported the
hot electron transfer mechanism. Quantization effects in small
particle semiconductor colloids of HgSe, PbSe, and CdSe were
found to produce enhanced photoredox chemistry because of the
increased band gap. [4.1 FTE]

Chemical Physics

Ames Laboratory
Iowa State University

Ames, lowa 50011
Fundamental Interactions Program $620,000
38. Statistical Mechanics of Nonequilibrium

Systems
D.K. Hoffman

New classical, semiclassical, and quantum mechanical scat-
tering theories for inelastic and reactive collisions between gas-
phase molecules are devised and implemented. This work
provides powerful methods for investigating nonadiabatic and
adiabatic reaction dynamics in systems of importance in
combustion. These investigations are also incorporated into a
statistical mechanical development of the kinetic theory of
polyatomic gases in which transport, relaxation, and reactive
processes are of interest. The dynamics and statistics of distribu-
tions of molecules adsorbed on surfaces under nonequilbrium
conditions is analyzed via master equations. Such a theory is
important for the appropriate interpretation of surface spectro-
scopic data associated with these processes. This project incor-
porates the effect of interactions between adsorbed surface
species on the selection of binding sites, a study of island forma-
tion via direct adsorption and surface migration mechanisms,
and adsorbate effects on the catalytic properties of surfaces.
These models for irreversible lattice processes are also applied
to other (nonsurface) systems. [1.35 FTE]

39. Atomic, Molecular, and Free Radicals: Crossed
Beam Kinetics
C.Y. Ng

This project involves the study of the mechanisms and dynamics
of fundamental processes that are relevant to combustion and
plasma chemistry. Different experimental approaches
combining the merits of the molecular beam method, photoion-
ization and time-of-flight mass spectrometry, and laser spec-
troscopy are being developed in order to measure reaction cross
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sections of elementary chemical reactions at well-defined colli-
sion energies and internal states of the reactants and to identify
the kinetic and internal energy distributions of the products.
Research includes (1) high-resolution photoionization studies of
hydrocarbon clusters and high-temperature vapors, (2) state-
selected and state-to-state ion—molecule reactions (emphasizing
charge exchange and proton transfer reactions), (3) vibrational
relaxation of simple molecular ions, (4) laser photofragmenta-
tion spectroscopy of polyatomic molecules, and (5)
neutral-neutral interactions by the crossed molecular beam
method. [4.35 FTE]

40. Molecular Bonding Theory
K. Ruedenberg

Properties of molecules such as geometric shapes, the behavior
in electrical and magnetic fields, optical spectra, and in partic-
ular the energy changes that occur during chemical reactions
are determined through quantum mechanical ab initio calcula-
tions of their electronic structures. Energy hypersurfaces that
determine the course, directions, and rates of chemical reactions
are mapped out as functions of atomic displacements, and their
distinctive features are elucidated. Reaction energies, activation
energies, transition states, and elusive intermediates are
predicted. The electronic rearrangements that occur along reac-
tion paths and their energetic and kinetic implications are
analyzed. Fundamental theoretical and computational advances
are made in many-electron quantum mechanics, including elec-
tron correlation, to establish practical methods for predicting
reaction mechanisms with an accuracy that is useful to experi-
mental chemists. Quantitative formulations of interpretative
chemical concepts are developed and implemented by deter-
mining rigorous contributions of interatomic interactions to
provide a reliable basis for the intuitive anticipation of difficult
rigorous calculations. These methods are used to study
oxidation-reduction reactions, exchange reactions, and isomer-
izations involving carbon, nitrogen, oxygen, hydrogen, and fluo-
rine atoms. Of particular interest are reactions occurring in
combustion, in the atmosphere, and during hydrogenations.
[1.75 FTE]

Argonne National Laboratory
Argonne, Illinois 60439

Chemistry Division $2,840,000

41. Theoretical and Computational Chemistry

T. Dunning, Jr., R. Bair, M. Davis, L. Harding,

R. Shepard, A. Wagner
This project concentrates on theoretical studies of the energetics
and dynamics of chemical reactions, emphasizing reactions of
importance in the oxidation of hydrogen and simple hydro-
carbon fuels. The main focus of the project is on calculation of
accurate molecular interaction potentials, determination of the
chemical dynamics on the computed (or other realistic) poten-
tial energy surfaces, and characterization of the molecular
species (including ephemeral species) involved. Goals include
the development of a qualitative understanding of the funda-
mental laws governing chemical reactivity and the development
of quantitative techniques for calculating the energetics and
dynamics of these elementary chemical processes. There is also
a continuing effort devoted to developing the computational
methodology needed to accurately predict the kinetics of chem-
ical reactions. [11.4 FTE]

CHEMICAL PHYSICS
BROOKHAVEN NATIONAL LABORATORY

42. High-Resolution Spectroscopy and Intramolec-
ular Dynamics
J.P. Hessler

The project objective is to use high-resolution laser techniques
to generate vacuum-ultraviolet light that is used (1) to study the
complex dynamical processes needed to describe the behavior of
excited polyatomic molecules and (2) to measure the kinetics of
chemical reactions initiated by shock waves. To monitor dynam-
ical processes, we excite specific predissociative and/or Rydberg
states of polyatomic systems cooled by supersonic expansion
techniques and monitor the temporal evolution of the system.
Chemical reactions that evolve hydrogen or oxygen are studied
in an ultrahigh purity shock tube. Rates of reactions and the
absolute branching ratio of competing reactive channels are
measured with our vacuum-ultraviolet laser flash absorption
technique. [3.2 FTE]

43. Molecular Beam and Metal Cluster Chemistry
Research
S.J. Riley, E.K. Parks, K. Liu

The study of heterogeneous catalysis on a molecular level is
pursued. Beams of catalytically active naked metal (nickel,
chromium, vanadium, silver, copper, aluminum, iron) atom
clusters containing two to several hundred atoms are generated
by pulsed lasers, and their physical and chemical propertics are
characterized by laser-based, in-flight diagnostic techniques.
Spectral and electronic properties are determined and experi-
mental results are correlated with theoretical calculations.
Mechanisms, energetics, and kinetics of cluster chemical reac-
tions and of adsorption and catalytic processes on cluster
surfaces are determined by the flow tube technique. The tran-
sient products are identified by laser ionization mass spectrome-
try. [10.3 FTE]

Brookhaven National Laboratory
Upton, Long Island, New York 11973

Department of Applied Science $605,000

44. Kinetics and Mechanisms of Alternative Fuels

Combustion
R.B. Klemm, J.W. Sutherland

The objectives of this project are (1) to measure absolute rate
constants for elementary combustion-related reactions over a
wide temperature range and (2) to investigate mechanistic
factors involved in gas-phase combustion and pollutant forma-
tion processes. Emphasis is on alternative fuels that comprise a
range of fuel types, including hydrogen, alcohols, and hydro-
carbon synfuels. In pursuing the goals of this project, a facility
has been developed that features experimental techniques
including: (1) flash photolysis-resonance fluorescence (FP-RF);
(2) discharge flow-resonance fluorescence (DF-RF); (3) flash
photolysis-shock tube (FP-ST); and (4) discharge flow-
photoionization mass spectrometry (DF-PIMS). The FP-RF
and DF-RF methods are used to determine specific rates of
elementary atom-molecule and radical-molecule reactions over
a wide temperature span, ~200 to 1100 K. The recently devel-
oped FP-ST apparatus significantly extends the high-
temperature capabilities for direct rate measurements. With
this device, kinetic studies are performed over a temperature
range from ~800 to 2000 K; and thus these measurements
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overlap the temperature range of the other, more conventional
techniques used in this project. The DF-PIMS method is used
for direct observations of reactants and products for elementary
reactions to investigate the relevant reaction mechanisms. This
DF-PIMS experiment uses the National Synchrotron Light
Source. [6.0 FTE]

Chemistry Department $2,650,000

45. Theoretical Chemistry
S. Ehrenson, J.T. Muckerman, M.D. Newton

The project objectives are to apply theoretical methods (1) to
the study of energy flow in chemical reactions and (2) to the
elucidation of molecular interactions involved in the storage and
interconversion of energy in the gas phase and in condensed
phases (including phenomena associated with charged species).
Methods include (1) ab initio and semiempirical calculations of
the energies and structures of molecules in specific electronic
states and (2) classical and semiclassical treatments of the
nuclear motion in kinetic processes involving these systems.
Many of the techniques currently being developed and applied
in this project play an important role in analyzing and inter-
preting experimental data obtained at the National Synchrotron
Light Source (NSLS), the High Flux Beam Reactor (HFBR),
and in other experimental programs in the Department. [5.7

FTE]

46. Ion—Molecule Reactions with Applications to
Fusion Energy Systems
L. Friedman, R.J. Beuhler

A high-molecular-weight mass spectrometric facility has been
developed that is capable of mass analysis and sensitive detec-
tion of singly charged ions with masses up to ~200,000. Ion
source techniques have been developed for the generation of a
wide variety of cluster ions with mass distributions by free jet
expansion of weakly ionized plasmas. These techniques are used
to investigate energy transfer in the impacts of cluster ions on
solid surfaces. Electron microscopy is used to study morphology
of craters and holes generated in thin target films by evapora-
tion or sputtering processes that provide a channel of target
cooling competitive with thermal conduction. The major goal of
this project is to investigate the properties of the transient hot
atom assemblies generated by cluster ion impacts. Practical
applications of these impacts are also of interest and include
their use to produce very small holes, to remove very thin layers
of surface, and to alter the chemical architecture of the
bombarded surface. In addition, cluster impacts provide a
means of investigating a variety of high-temperature desorption
phenomena. [5.9 FTE]

47. Gas-Phase Photoionization and Photoelectron
Spectroscopy of Molecules and Clusters
J.R. Grover, M. White

The first objective of this project is to understand how molecules
initially approach each other on the way to a reactive collision.
Such understanding is necessary if accurate predictions of reac-
tion rates are to be made. Measurements of the enthalpy of
binding of van der Waals complexes and clusters of the reactive
molecules are being made using the tunable, monochromatic
radiation from the gas-phase beamline on the vacuum ultravi-
olet storage ring at the National Synchrotron Light Source. A
subsidiary goal is to obtain previously unknown heats of forma-
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tion for free radicals and molecular fragments that appear as
reaction products or energetic reaction intermediates. The
second objective is to explore and characterize the photoexcita-
tion and subsequent ionization processes of resonantly excited
molecules. A general photoelectron spectroscopy study of the
ionization dynamics of neutral molecular ground and excited
states using both synchrotron and laser radiation is under way.
From the observed electronic and vibrational state distributions
of the product ions, it is possible to investigate in detail the
dynamics of the interaction between the anisotropic field of the
molecular ion core and photoelectron. [4.4 FTE]

48. Structure and Bonding of Solids and Molecules
on Their Surfaces
J. Hrbek, T.K. Sham

The main project objective is to improve the understanding of
(1) the electronic interactions between surfaces and adsorbates
and (2) the interactions among atoms in condensed matter,
emphasizing technologically important materials. Identification
of molecular structure of surface intermediates, active sites on
surfaces, and the effect of promoters and poisons on surface
selectivity and activity will make it possible to understand and
control the chemistry of surfaces. These studies are being
carried out through photoelectron spectroscopy, thermal desor-
ption, electron diffraction, vibrational spectroscopy, and the
development and application of synchrotron radiation spectros-
copies (e.g., photoelectron and x-ray absorption, XANES, and
EXAFS). Results of these studies are directly related to kinetic
and mechanistic aspects of chemical reactivity and catalysis.
[2.3 FTE]

49. Chemical Crystallography
T.F. Koetzle, A. Kvick, R K. McMullan

Neutron and x-ray diffraction methods are used to solve signifi-
cant problems in crystal and molecular structure. Emphasis is
placed on structures where hydrogen and other light atoms are
important and on disordered or partially ordered structures,
since in these areas neutron diffraction, alone or in combination
with x-ray diffraction, has unique advantages for determining
molecular structure and investigating chemical bonding. In
addition, access to the chemical crystallography beamline at the
National Synchrotron Light Source will open up new areas for
x-ray diffraction studies. Examples of systems investigated
under the crystallography project include organometallic
compounds, transition-metal hydrides, zeolites, fast-ion conduc-
tors, and dielectric materials. [5.2 FTE]

50. Spectroscopy and Structure of Short-Lived
Chemical Intermediates
T. Sears

Studies of the structure and reactivity of molecular fragments
are important to the understanding of gas-phase chemical reac-
tion pathways and rates. Infrared laser techniques are applied
to the study of these species, which are usually unstable and are
present only in trace quantities in reaction mixtures. Analysis
of the spectra will lead to details of molecular structure, intra-
and intermolecular potential functions, and estimates of the
concentrations of reaction intermediates involved in the course
of reactions important in combustion and in semiconductor
technology. [1.9 FTE]
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Lawrence Berkeley Laboratory

University of California
Berkeley, California 94720

Applied Science Division $140,000

51. Combustion Chemistry
N.J. Brown

Combustion chemistry consists of complex chain mechanisms
involving radical species. The inherent difficulties encountered
in high-temperature environments and the large number of
species involved in hydrocarbon oxidation make the study of
combustion chemistry difficult. One activity of the current
research focuses on applying theoretical chemical kinetics to
study high-temperature kinetics important in combustion.
Empbhasis is on investigating the dynamics of reactions using
classical trajectories. Unimolecular and bimolecular reactions
are investigated with realistic potential energy surfaces. Special
emphasis is on elucidating the role of molecular angular
momentum of intramolecular and intermolecular energy
transfer processes. Rate coefficients for reactions important in
combustion are also determined with statistical theories.
Further activity concerns investigating the ignition chemistry of
hydrocarbon—air mixtures. Identification of the principal
elementary reaction steps that occur during ignition of
hydrocarbon—air mixtures and determination of the corre-
sponding rate coefficients are required to achieve an under-
standing of this phenomenon. Ignition will be investigated in a
constant volume and steady-state system. Time-resolved evolu-
tion and decay of radical species will be monitored with a molec-
ular beam mass spectrometer and by other spectroscopic
methods. [1.8 FTE]

Materials and Molecular Research $2,185,000

Division

52. Energy Transfer and Structural Studies of Mole-
cules on Surfaces
C.B. Harris

The goal of this research is (1) to study the mechanisms respon-

- sible for transfer of energy from the excited states of molecules
to metal surfaces and (2) to develop new laser techniques for
probing molecule-surface interactions. The research is both
theoretical and experimental, and includes nonlinear optical and
picosecond laser techniques in addition to a variety of standard
surface science tools for characterizing molecule-surface inter-
actions. Recent work has centered on the development of picose-
cond infrared lasers, the elucidation of the mechanism of
surface-enhanced photochemistry, and the breakdown of clas-
sical dielectric response theory for explaining energy transfer
from molecules to noble metal surfaces. The latter studies have
resulted in a classification scheme in which molecular excited
states that produce intraband electronic excitations transfer
energy to electrons localized near the metal surface, while those
excited states that can access direct interband excitations
transfer energy to electrons throughout the bulk of the metal.
Results have a direct bearing on high-speed technological
devices and materials and on other problems of general interest
(e.g., the dynamics of surface photoemission and the optical
properties of thin films). [1.5 FTE]

CHEMICAL PHYSICS
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53. Crossed Molecular Beams
Y.T. Lee

The major focus of this research project is to elucidate detailed
dynamics of simple elementary reactions that are theoretically
important and (using the molecular beams method) to unravel
the mechanism of complex chemical reactions or photochemical
processes that play an important role in many macroscopic
processes. Molecular beams of reactants are used to study indi-
vidual encounters between molecules or to monitor photodisso-
ciation events in a collision-free environment. Most of the infor-
mation is derived from measurement of the product fragment
energy and angular distributions using a unique molecular beam
apparatus designed for these purposes. Recent activities are
centered on the following areas: (1) the direct probing of transi-
tion states of the F + Hj reaction through the experimental
observation of quantum mechanical resonance phenomena; (2)
the mechanisms of elementary chemical reactions involving
oxygen atoms with unsaturated hydrocarbons; (3) the dynamics
of chemical reactions of electrochemically excited atoms; (4)
the primary photochemical processes of polyatomic molecules,
radicals, and ions; (5) intramolecular energy transfer of chemi-
cally activated and locally excited molecules using overtone
excitation processes; and (6) the interaction potential of open
shell atoms with rare gas atoms. [11.0 FTE]

54. Molecular Interactions
W.A. Lester, Jr.

The project objective is to extend fundamental knowledge of the
interactions and dynamics that govern energy transfer, reactive,
and photodissociative molecular processes. The approach
combines the use of potential energy surfaces constructed using
rigorous nonempirical methods (ab initio Hartree-Fock, multi-
configuration Hartree-Fock (MCHF), and configuration inter-
action) with quantum, semi-, and quasi-classical approaches to
nuclear dynamics. Current efforts focus on (1) single-photon
photodissociation of C;N2 using ab initio MCHF potential
energy surfaces and a recently developed adiabatic treatment of
photodissociation dynamics; (2) extension of the adiabatic
photodissociation development to bimolecular chemical reac-
tions; (3) determination of cross sections for rotational and
vibrational energy transfer by atom impact for electronically
excited molecules (He-Hz, HD(B!Z,*)); and (4) the applica-
tion of Monte Carlo methods to the computation of potential
energy surfaces and properties of individual molecules. [5.5
FTE] -

55. Theory of Atomic and Molecular Collision
Processes
W.H. Miller

This research is primarily involved with the development of
theoretical methods and models for describing atomic and
molecular collision processes. Specific topics of interest include
the theory of inelastic and reactive scattering, collision processes
involving electronically excited atoms or molecules, collisional
ionization phenomena, statistical theories of chemical reactions,
scattering of atoms and molecules from surfaces, and the inter-
actions of molecular systems with high-power laser radiation.
Much of this research is involved with the development and
application of a general semiclassical mechanics that allows
combination of classical mechanics and quantum mechanics in
a correct and useful manner. This has been extremely successful
in providing an understanding of the various quantum effects
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that are seen in molecular phenomena, and it also often provides
simpler computational methods for quantitative calculations.
Certain research topics are more amenable to a completely
quantum mechanical approach, and these sorts of theoretical
techniques are also used. The ability to understand, and thus to
model and to predict, chemical kinetics phenomena in the gas
phase has widespread practical importance in a number of
different areas. Among these are atmospheric chemistry and
physics, interactions of molecules with strong laser fields, and
energy transfer and chemical reactions in flames and combus-
tion. [3.2 FTE]

56. Selective Photochemistry
C.B. Moore

The fundamental goals of this project are to understand the
photophysics of selective excitation of molecules, the dynamics
of energy transfer and specificity loss, and the chemical reac-
tions of excited states. The nature of the energy states of mole-
cules as a function of excitation energy and of molecular size
and structure determines the intramolecular flow of energy. The
spectra of vibrationally excited molecules are studied by laser-
based methods in order to determine the strength of coupling of
one vibrational mode to another and to elucidate the rates and
sequences of energy flow among all modes of an excited mole-
cule. Unimolecular reaction rates are measured. An under-
standing of the competition between energy transfer and unimo-
lecular reaction as a function of excitation energy, molecular
size, and chemical constitution is sought. The mechanism and
selectivity of bimclecular reaction processes is often revealed by
the dependence of reaction rates on quantum state, isotopic
substitution, and temperature. Many photochemical and
combustion processes involve the formation of short-lived reac-
tion intermediates or collision complexes. Laser flash kinetic
spectroscopy is used to identify transient species and measure
their reaction rates. The results are useful in the modeling of
combustion processes and of photochemical reactions such as
C-H bond activation by organometallic photoproducts. [4.3
FTE]

57.  Physical Chemistry with Emphasis on T hermody-
namic Properties
K.S. Pitzer

The project objective is the discovery and development of
methods of calculation of thermodynamic and related properties
of important chemical systems by use of quantum and statistical
mechanics together with experimental measurements for key
systems. Primary emphasis will be on ionized systems, electro-
lyte solutions, and plasmas. Systems comprising fused salts
mixed in any proportion with water are being studied experi-
mentally and with semiempirical theory. Recently the critical
points for pure NaCl and KCl were predicted from a combina-
tion of rigorous statistical thermodynamics (for the vapor) and
an extrapolation of the empirical equations (for the liquids).
With guidance from corresponding states theory, a fused
salt—polar liquid system was discovered with a critical point at
140°C where detailed laboratory study is feasible. Earlier
advances yielded improved equations for electrolyte solutions,
which are now being applied to a wide variety of systems of
industrial or geological interest (including geothermal brines).
Recent efforts also included relativistic quantum mechanical
methods for calculating energies, bond distances, and other
properties of the ground and excited states of molecules
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containing very heavy atoms where the conventional nonrela-
tivistic methods are inadequate. Such results are important in
evaluating possible laser systems and for models of catalytic
entities including heavy atoms (e.g., platinum). [2.2 FTE]

58. Far-Infrared Laser Spectroscopy of Reaction
Intermediates
R.J. Saykally

Sophisticated far-infrared laser techniques are combined with
laser photolysis and supersonic beam technology for the study
of spectra, structures, potential surfaces, and dynamics of mole-
cules that are intermediates in chemical reactions. Anisotropic
bimolecular potential energy surfaces are obtained from the
direct measurement of vibration-rotation spectra of van der
Waals bonds in molecular complexes. Both nonreactive (e.g.,
Ar-HCI) and reactive (e.g., F-HF) bimolecular systems are
studied. This work complements the measurement of bimolec-
ular potential surfaces by molecular beam scattering experi-
ments. The structures and dynamics of molecular complexes are
also studied as a route to understanding the dynamical proper-
ties of condensed phases. [4.5 FTE]

59. Potential Energy Surfaces for Chemical Reac-
tions
H.F. Schaefer, 111

This research project has two goals, related yet distinct. The
first goal is the development of new theoretical and/or computa-
tional methods for describing what electrons do in molecules.
The single outstanding problem in the field is the correlation
problem, that of formulating models for going beyond the
single-particle or Hartree-Fock approximation. The second goal
is to apply these theoretical methods to significant problems of
broad chemical interest: (1) model theoretical studies of chemi-
sorption, metal clusters, and organometallic species; and (2)
potential energy surfaces that govern gas-phase chemical reac-
tions. Research in the former area is ultimately aimed at a truly
molecular understanding of catalysis, a subject pertinent to
future energy requirements, but sometimes approached by trial
and error methods. In the latter area, research sometimes tends
toward molecules potentially important in combustion or atmo-
spheric chemistry and the development of high-power laser
systems. Theoretical chemistry has become a significant source
not only of broad generalities, but also of specific predictions
concerning molecular systems that may be very important, but
inaccessible to experiment. [5.0 FTE]

60. Photoelectron Spectroscopy
D.A. Shirley

The major project objective is to conduct exploratory research
on the interaction of vacuum ultraviolet and soft x-ray radiation
with matter, emphasizing synchrotron radiation and photoelec-
tron spectroscopy. The project also supports the national
programs through innovation and development of new experi-
mental methods based on synchrotron radiation in the energy
range 10 to 4000 eV, and through the training of doctoral candi-
dates in the use of synchrotron radiation. The reaction of radia-
tion in this energy range with matter yields (as one reaction
product) an unbound electron in a highly excited final state. The
further interaction of this electron with the other reaction
product(s) can provide unique and definitive information about
both reactants and products. Focus is on (1) understanding of
electron correlation in atoms and small molecules, including the
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characterization of continuum resonances and correlation satel-
lites, and (2) characterization of the atomic and electronic
structure of surfaces. This includes both structural studies by
photoelectron diffraction (ARPEFS) and electronic structure
determinations on and near the surface. Related supportive
research includes photoelectron spectroscopy in molecular
beams and high-resolution electron energy loss spectroscopy on
surfaces. [11.5 FTE]

Lawrence Livermore National Laboratory
Livermore, California 94550
Division of Chemical Engineering $38,000

61. Chemical Kinetics Modeling
C.K. Westbrook

This project focuses on computer modeling of chemical kinetics
of combustion in laboratory and practical systems. Particular
emphasis is placed on hydrocarbon fuels that are widely used in
present combustion devices. Construction and validation of
comprehensive reaction mechanisms for these fuels will identify
those elementary reactions on which the computed results are
most dependent and, therefore, merit the closest attention from
experimental and theoretical research. Experimental data from
shock tubes, plug flow reactors, stirred reactors, laminar flames,
and detonations are used to test and validate the reaction mech-
anisms. Fuels to be examined include n-pentane, n-octane, iso-
octane, ethanol, and propionaldehyde. Once the reaction mech-
anisms have been validated thoroughly, they are used to
examine the role of chemical kinetics in practical combustion
systems. Past applications have considered heat transfer and
unburned hydrocarbon emissions from automobile engines,
kinetic inhibition of flames and detonations, and the influence
of pressure on combustion rates. Applications in progress
include the kinetics of engine knock in internal combustion
engines, kinetics of cool flames and multistage ignition, and the
influence of pressure on combustion rates. Applications in prog-
ress include the kinetics of engine knock in internal combustion
engines, kinetics of cool flames and multistage ignition, and the
influence of fuel molecular structure on various combustion
parameters. [0.3 FTE]

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831
Chemistry Division $350,000

62. Molecular Research with Electron Spectroscopy
T.A. Carlson, M.O. Krause

The project studies the photoelectron dynamics of molecules
and metal vapors using angle-resolved photoelectron spectros-
copy and synchrotron radiation. Phenomena investigated
include: (1) the Cooper minimum, (2) shape resonances, (3)
autoionization, (4) correlation satellites, (5) interchannel
coupling, and (6) near-threshold behavior of core shells.
Systematic studies are pursued on the chloromethanes, iodine-
containing molecules, benzene, triatomic molecules, transition
metal compounds, and various metal vapors including silver,
gallium, lead, and some 3d transition metal elements.
Supportive calculations using the multiple-scattering Xa
method are performed and correlated with observed cross
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sections and angular distribtion parameters. Improved
computer handling of the experiment allows the introduction of
constant-ionic-state techniques. Besides providing fundamental
information in atomic and molecular science, the project
supplies data and ideas for studying molecules adsorbed on
surfaces, clarification for solid-state properties in metals, and an
understanding of clusters. [2.2 FTE]

Sandia National Laboratories
Livermore, California 94550

Combustion Research Facility $5,170,000

63. Flame Dynamics Research
R. Cattolica, W. Flower, S. Johnston

The purpose of this research is to investigate the spatial and
temporal interactions between chemical species, temperature,
and fluid motion as they occur in flames. Included are the
dynamics of carbonaceous particulates in sooting flames and the
ignition, free propagation, and quenching of transient gas-phase
flames. An important aspect includes the development and
application to flames of advanced optical diagnostics such as
time-resolved, planar, laser-induced fluorescence and diffusion-
broadening spectroscopy. Fluorescence imaging has been used
to study the chemical structure of a laminar flame interacting
with a vortex ring. The time-dependent generation and evolu-
tion of the OH molecule during the interaction was observed.
Comparison of these results with the modeling predictions
generated using the vortex dynamics computational method has
been made. Soot size and number density, and the effect of
increasing pressure on these quantities, have been determined
in a laminar diffusion flame. Local soot formation rates have
beenn determined in laminar diffusion flames using laser-
velocimetry flow-field measurements and light-scattering
measurements of soot concentration. Species thought to be
responsible for soot particle surface gr